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Abstract 

In the paper the thermal energy transfer for elementary parti- 
cles is described. The quantum heat transport equation is obtained. 
It is shown that for thermal excitation of the order of the relax- 
ation time the excited matter response is quantized on the different 
levels (atomic, nuclear, quark) with quantum thermal energy equal 

^atomic ^ g eVj ^nuclear ^ j Me y &nd ^quark ^ 139 Me y Ag the 

result the quantum for the heating process of nucleons is the 7r-meson 
(consisting of the two quarks) . 

Key words: Heat quanta; Quantum heat transport; Quantum dif- 
fusion coefficient. 



1 Introduction 



As is well known Nelson [T] in 1966 succeed in deriving the Schrodinger equa- 
tion from the assumption that quantum particles follow continous trajecto- 
ries in a chaotic background. The derivation of the usual linear Schrodinger 
equation follows only if the diffusion coefficient D, associated with quantum 
brownian motion takes the value D = h/2m as assumed by Nelson. 

In the paper we study the transfer process of the quantum particles in 
the context of the thermal energy transport in highly excited matter. It will 
be shown that when matter is excited with short thermal perturbation the 
response of the matter can be well described by quantum hyperbolic heat 
transfer equation (QHT) which is the generalization of the parabolic quan- 
tum heat transport equation (PHT) with the diffusion coefficient D = h/m, 
where m denotes the mass of the diffused particles. The obtained QHT has 
the form 

1 d 2 T 1 dT a 2 



c 



+ ^^r = T VT . (!) 



2 dt 2 re 2 dt 3 



where T denotes temperature, c is the velocity of light and = (1/137, 0.15, 1) 
is the fine structure constant for electromagnetic interaction, strong interac- 
tion and strong quark-quark interaction respectively, 7$ is the relaxation time 
for scattering process. 

When the QHT is applied to the study of the thermal excitation of the 
matter, the quanta of thermal energy, the heaton can be defined with energies 
E^ = 9 eV, Eff = 7 MeV and E\ = 139 MeV for atomic, nucleon and quark 
level respectively. 



2 The quantum heat transport equation 

One of the best models in mathematical physics is Fourier's model for the 
heat conduction in matter. Despite the excellent agreement obtained between 
theory and experiment, the Fourier model contains several inconsistent im- 
plications. The most important is that the model implies an infinite speed of 
propagation for heat. Cattaneo [2] was the first to propose a remedy. He for- 
mulated new hyperbolic heat diffusion equation for propagation of the heat 
waves with finite velocity. 

There is an impressive amount of literature on hyperbolic heat trans- 
port in matter [3 EJ |3] . In our book [Hj we developed the new hyperbolic 
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heat transport equation which generalizes the Fourier heat transport equa- 
tion for the rapid thermal processes. The hyperbolic heat conduction equa- 
tion (HHC) for the fermionic system can be written in the form: 

1 d 2 T 1 dT 

+ mrr «r = v 2 t, (2) 



|4) dt2 r{\vl) at 

where T denotes the temperature, r - the relaxation time for the thermal 
disturbance of the fermionic system and vf is the Fermi velocity. 

In the subsequent we develop the new formulation of the HHC considering 
the details of the two fermionic systems: electron gas in metals and nucleon 
gas. 

For the electron gas in metals the Fermi energy has the form: 

2/3*2 

^(3^—, (3) 
where n - density and m e - electron mass. Considering that 

n 3 ~ a B ~ -, (4) 

me z 

and as - Bohr radius, one obtains 



~ ~ ~ a m e c , (5) 

m P ma z 



where c - light velocity and a = 1/137 is the fine structure constant. For 
the Fermi momentum, pp we have 



and for Fermi velocity, Vp 



p e F ~ — ~ am e c (6) 
a B 



V F ~ ~ QC. (7) 



Considering formula (J7J) equation (j2J can be written as 

1 d 2 T 1 dT a 2 



c 2 dt 2 + c 2 r dt 3 V T ' ^ 



As it is seen from (jSJ) the HHC equation is the relativistic equation as it 
takes into account the finite velocity of light. In order to derive the Fourier 
law from equation (JHJ) we are forced to break the special theory of relativity 
and put in equation (jHJ) c — > oo, r — ► 0. In addition it was demonstrated 
from HHC in a natural way, that in electron gas the heat propagation velocity 
v h ~ v f i n the accordance with the results of the pump probe experiments 
For the nucleon gas, Fermi energy is equal: 



E? = (9) 



smr, 



2 ' 

o 



where m - nucleon mass and Tq, which describes the range of strong interac- 
tion is equal: 

ro = — , (10) 

■m n c 

ma - is the pion mass. Considering formula (jlOj) one obtains for the nucleon 
Fermi energy 

E^f^-Ymc 2 . (11) 
\m J 

In the analogy to the equation (J3J) formula (JTT|) can be written as follows 

E$ ~ a 2 s mc\ (12) 

where a s = 0.15 is fine structure constant for strong interactions. Analo- 
gously we obtain for the nucleon Fermi momentum 

Pf ~ — ~ a s mc, (13) 
and for nucleon Fermi velocity 

a s c } (14) 



n PF 



m 

and HHC for nucleon gas can be written as follows: 

1 d 2 T J_dT_a] L y 2 T 

c 2 dt 2 + c 2 t dt ~ 3 ^ 

In the following the procedure for the discretization of temperature T(r, t) 
in hot fermion gas will be developed. First of all we introduce the reduced 
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de Broglie wavelength 



\N _ ^ N _ ^ 

N > v h ~ •- a * c ' 



mv 



h 



and mean free path, A e , A 



N . 



A e = vlr\ (17) 
A^ = v»t n . 

Considering formulae ()17j) . (fTHj) we obtain HHC for electron and nucleon 
gases: 

+ = Aw, (18) 

at 2 X e ot m e 

B I B - !Lv7 2 T N (19) 

vl? dt 2 X N dt m 1 ] 

Equations (fT%|) and ()19)) are the hyperbolic partial differential equations 
which are the master equations for heat propagation in Fermi electron and 
nucleon gases. In the following we will study the quantum limit of heat 
transport in the fermionic systems. We define the quantum heat transport 
limit as follows: 

A e = A b, \ N = X%. (20) 
In that case equations (fTHj). (fTTIj) have the form: 

r^ + ^ = iv^, (22) 
dt at m 

where 

m e (v^ m[v^) 2 

Equations (|2*T|). (J22j) define the master equation for quantum heat transport. 
Having the relaxation time r e , t n one can define the "pulsations" u>^, u>ff 

= (tT 1 ; ofi = (t*)- 1 (24) 
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or 

e _ ^eK? N _ m«) 2 

i.e. 

2 

u»h = m(<) 2 = ^c 2 . (25) 

Formulae (|2*H|) define the Planck-Einstein relation for heat quanta E^, E^ 

El = ul% = m e (v e h ) 2 

E» = ^ = m iV «) 2 . (26) 

The heat quantum with energy Eh = hu can be named as the heaton in 
complete analogy to the phonon, magnon, roton, etc. For r e , r N — > 
equations (|2~T|) . (|23|) are the Fourier equations with quantum diffusion co- 
efficients D e , D N 

f)T e h 

^_ = D e V 2 T e , D e = — , (27) 
at m e 

8T N ft 



D W V 2 T JV , D JV = -. (28) 

The quantum diffusion coefficients D e , D N for the first time were introduced 
by E. Nelson |T] and discussed in papers |B1 E] • 

For finite r e , r N for At < r e , At < t n equations (|2fj). (|22j) can be written 
as follows 



1 d 2 T e 



{v e h f dt 2 
1 d 2 T N 



dt 2 



V 2 T e , (29) 



V 2 T N . (30) 



Equations (f2~9*)). (jBU)) are the wave equations for quantum heat trans- 
port (QHT). For At > t one obtains the Fourier equations (|2T|). (|2*Sj). 
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3 The possible interpretation of the heaton 
energies 

First of all we consider the electron and nucleon gases. For electron gas we 
obtain from formula (JI7j), flUD for m e = 0.51 MeV/c 2 , v h = (l/y/3)ac 

El = 9 eV, (31) 

which is of the order of the Rydberg energy. For nucleon gases one obtains 
(m = 938 MeV/c 2 , a s = 0.15) from formulae flT7j), (JHJ) 

Eg ~ 7 MeV (32) 

i.e. average binding energy of the nucleon in the nucleus ("boiling" temper- 
ature for the nucleus) 

When the ordinary matter (on the atomic level) or nuclear matter (on the 
nucleus level) is excited with short temperature pulses (At ~ r) the response 
of the matter is discrete. The matter absorbs the thermal energy in the form 
of the quanta or E^. 

It is quite natural to pursue the study of the thermal excitation to the 
subnucleon level i.e. quark matter. In the following we generalize the QHT 
equation (|SJ) for quark gas in the form: 

1 d*T« 1 dT« _ (a*) 2 2 

c 2 dt> + c 2 r dt ~ 3 V [M) 

with a q s - the fine structure constant for strong quark-quark interaction 
and v\ - thermal velocity: 

< = ^ afc. (34) 
Analogously as for electron and nucleon gases we obtain for quark heaton 

n = ^(^) 2 ^ 2 , (35) 

where m q denotes the mass of the average quark mass. For quark gas the 
average quark mass can be calculated according to formula pi 



m u + m d + m s 350 MeV + 350 MeV + 550 MeV 

= 41 ( iviev 

(36) 



= — ^ — i = : : = 417 MeV 

1 Q Q 
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where m u , m^, m s denotes the mass of the up, down and strange quark 
respectively. For the calculation of the a q s we consider the decays of the 
baryon resonances. For strong decay of the S°(1385 MeV) resonance: 

K~ +p -»■ S°(1385 MeV) -> A + tt° 

the width T ~ 36 MeV and lifetime r s 

T S = - ~ 10- 23 S. 

r 

For electromagnetic decay 

S°(1192 MeV) -> A + 7, 
r e ~ 1CT 19 s. Considering that 

one obtains for af the value 

a« ~ 1. (37) 
Substituting formulae (|3*7j) to formula (|33j) one obtains: 

£^ ~ 139 MeV ~ m w , (38) 

where denotes the 7r-meson mass. It occurs that when we attempt to 
"melt" the nucleon in order to obtain the free quark gas the energy of the 
heaton is equal to the 7r- meson mass (which consists of two quarks). It is 
the simple presentation of quark confinement. Moreover it seems that the 
standard approaches to the melting of the nucleons into quarks through the 
heating processes do not promise the success. 



4 Conclusions 

In this paper a new quantum heat transport equation was developed. It 
was shown that when matter is excited with short thermal perturbation 
the response of the matter can be described by quantum hyperbolic heat 
transfer equation with quantum diffusion coefficient D = h/m. In the paper 
the quanta of the thermal energy, the heatons, were defined with energies: 
= 9eV, E^ = 7 MeV, E\ = 139 MeV for atomic, nucleon and quark level 
respectively. 
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